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Abstract

We have calculated how the pulsed fraction varies as a
function of optical depth for a variety of geometries of the
distribution of matter about an X-ray pulsar. These calculations
were then applied to observations of the X-ray sources Her x—l#
Cyg X-3, and A0538-66. The Hercules results indicate a strong
correlation hetween the pulsed fraction and intensity and are
2ntirely consistent with an interpretation whereby variations in
both parameters are due to the intervention of varying amounts of
natter hHetween the sulsar and the observer. A similar conclusion
can be anplied ko :he A(QS538-66 observations. In the case »f Cyg
V-3, we nerformed a search for periodic »nulsations »n subsecond
~imescales. The ahsence of any detected nulsation, =ogether with
sur calculations, are shown to he 2ntiraly gonsistent with the.
assumption 2f a spherical shell >f <as around =he neutron star.
e suagest that studies >f =he nulsed Zraction as 3 function of
intansity zompliment studies of svectral variations and can De
1sed as an additional diagnostic tool in orider to understand the
nature of zhe distribution of matter surrounding cgg pulsating X-

a4y sources.

Subject Headings: nulsars-stars: neturon-X-rays: binaries-

scattering: Thompson



I. Introduction

X-radiation passing through matter is scattered. Scattering
removes some radiation from the line of sight while Yringing
radiation from other directions into the line of sight.
Scattering has the effect of altering the pulsed fraction. 1In
this paper we consider Thompson scattering from a cold gas and
studv the variation of the pulsed fraction with optical depth.
In Section II we present calculations for three different
qeometries: a cvlindrical shell, a spherical shell, and a uniform
sohere, each surrounding an X-ray oulsar. In Section III, we
apply the results of our calculations to the X-ray sources Jer X-
1, Tva ¥X-3, and A0538-46, wher2 we believe the three diffzrent
configurations are relevant., In 52ction IV, wWwe nsresent a summary

and our conclusions.
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II. Calculational Method and Approximations

a. General Formalism and Approximations
We consider an X-ray pulsar as an isotropnically emitting
point source of X-ravs, blinking on and off with pulse period
T. This approximation simplifies calculations and is valid if
the size of the pulsar and c¢T are both very much less than the
characteristic dimension of the surrounding medium. In the
applications which we consider both these conditions appear to be

satisfied.

. General Formalism
e lefine t, as the instant of :=ime at which a distant
abserver would detect the first nsnhotons Srom an isotropically
2mi-ting oulsed source. net F he the fraction of nhotons that
nave nassed throuagh the surrounding scattaring medium and are

decected v zhe distant observer. We define

5211

4 (=0, 1, 2,...)
is =he Zfraction 2f 2mitted nhotons which undergo exactly n
scattarings before heina dJetected. Let ?,(t)dt be the
corresponding fraction detacted between the times & and t + dt.

Thus »

== I £ . (2}

The observed temporal nrofile from this single delta function

nulse, a(t)dt, is then simply




g(e)dt = ¢ Pn(t)dt
n=0
= . (3)

Since we have to consider many pulses, the equilibrium
pulse profile will involve the integrated contribution from

previous nulses. We define G(t)dt as the numbher of nhotons

detected hetween t and t+dt, where

G(t)dt = £ g{t+3jT)de = = T P _(t+3iT)dt
i=0 i=s0) =0

= . (4)

e note that G{t) is normalized :to one when integrated »ver a
single nHulse neriod

Ve Zefine the joulsed fraction, F,, f{as any observer
would) utilizing the qinimum in the observed -Hulse nrofile as
indicative »f the "unpulsed” component. Tn this tase, since the
andarlvina iaput s 2 ielta funczion séike =he Tminimum is always

ar =ne 2nd »f 2 sulse neriod, i.2. at =2 = 7. Thus

1)

= l-?G(tO+T) =1 -

3l

n
" TP (b +#T+3T) . (3)
n. : n o

-

In orinciple the xknowledge of ?,{t) £nr 3ll n let2rmines
Fp. In practice, however, these fSunctions are Jdifficult to
calculate analvtically for a > 1 {see 2.a., @illiams et al.
1984), and therefore we will further restrict ourselves to small
optical leptnhs £or electron scattaring (- < 2}. This condition
allows one to accurately estimate Fy by only calculatina ?(t).

In order to obtain an expression for T, we proceed as




follows. First we rewrite equation (4), as

ey =6 ey + r(E)

(6)
where
’ b 1
¢'Viery z T P_(E+iT), (7)
j=0 n=0

and RA:) includes the remaining terms. Similarly we can write

S S 5 .
SN $ R(t_T) (3)

where ?3( ) is =he nulsed fraccion considerina onlv unscattered

LB
and singly scattared nhotons. 7, °°° could serve as 3 first

approxination to 7 and it certainly

ey it ig an upner Limit. A much

sec=2r anproximacion ‘and also an upner limit)

inllows from the

R(t_+T) > 2 L g -1 (9)

since nhotons scattared more than once have a higher nrobability

~f meing Jdecected at the end > a pulse. It follows then that

(F=-€ ~€,)
e () < F (1) _ g o 1 G(l)(t #T)
o} o) g El o
- Ty ry e - 1
= 1 7 G (b0+T) L+ (F-f El)/fl . (L)



C. Spherical Geometry
In this section we calculate P (t) and Py(t) in order to
estimate Fp for the case where the pulsar is at the arigin of a
spherical shell of inner radius Ry and ocuter radius R,. We
exploit the spherical symmetry and consider all the photons
emerging from the scattering medium. Thus we get F = 1 and the

fraction of unscattered ohotons is

Jee (11)

“hera Tn is the optical "thickness" of the spherical shell. In

this case

’

H
[+
¥

[}
[xd
|
N

“hera e is =he =Zime it +akes Ior an inscattared Hhoton Lo reach
the observer.

To obtain ?y{(%), we use :the scacterinag Xernel, which
describes single Thomson scattering fiassuming an unpolarized
source). The Adisctribution of nhotons which travel griistance S,
scatt2r by an anale 2, and then emerne From the medium hefore

scattarimy again, is
s, 1)dsda = %;z‘:-,f) o7 (Seu) dsdy . (13)

Here : = cos Y, -(s,u) is the optical thickness through which the

above photon will traverse, i is the mass absorption coefficient



and p is the mass density. The total optical thickness of the
medium is
s = .'zo(Rz-Rl) . (14)
The difference in the arrival time, ty, of a single
scattered photon and an unscattered photon is (see also Fiqure 1)
Lk, = k- =

3
d o - (l=-u) . {13)

(o4

where = is the speed »f light. It is convenient to define

wt o= 3 y {
- 5 . (16)

5 3pcain the distribution, 2 (z'), we change varilables from s

and : =3 D and ' where

with these new variablaes,

&

R S
A(Ll+=/1,)

) 2 _lé
.]‘(?'Pb+1)[(t‘*b*l) &4P'} ‘ 1(.:1)ub

W
-
—
fad
1]

nl(c')

0 < &' ¢ 2 {18)

where




l+tl/12-t'(l*12/rl) ' 0 < & < 2 tl/rz

bl(t') = ' (19)
- (t'+2)/2 Zrl/rz <t g 2,
bz(t') = 2(1l-c') , (20)
"_’2 = TQ R?./(RZ‘RI) ’ (22)
To 2 lé\
I {gt+b=1 + [(t'+b=1)"+4¢"'] ¢! , (23)
2(s1,0) = 3 (1ey?) 2790T8) (24)

s = 9/ {lv=/24) 125)
and
2 2 2 =
+li=y) =+ {fz - = {l=u i - T
2, -l
for 4 » 3 or *t > e {1=97) ’
@
alz,q) = {25)
2 2,4 2 2 2., ¢
til=y) = {72“‘72(1- 1172 - fep =7 il=n70 2 - "
-1
{Eor 4+ < 3 and - < T {1~323 2 .

The fraction f; can then Dde calculatad Srom either of

- -= ¢ ‘ 7
"1 f Pl(t ) de ' (27)




or
g, =T i . H(r, y) dudr . (28)
Using Equations (7) and (10), the pulsed fraction can be

written as

T'(1-% ) jmax

7 2 ] - —— T P (T'+3T) (29)

? 5 je0 ! |

where T' is the dimensionless period (T' = TC/R,4) and jmax is

defined by

imax = Ine(2/7T' - L1} . 130)

7

28 2 and 3 show ?3“‘ as a Sraction JFf -he »ontical thickness

3

jos
19}
ol
Y

for Lwo narsticular 2xamples.

» &

. Crzlindriczcal Ceometwy

We made no atta2mpt to perform analytic calculations for
svlindrical jeometrics of =he scattarina medium. Rather, ‘tonte

h

Carlo -alculations were performed, first for the spherical
seometry to validate the software and o calculations described
in 3ectcion Ib, and then to provide the results for this case.
The simulation rtook into account all arders of scattering and
rabulated the emerging photons according to their direction.

Typical results for onhotons travelina 2ssentially radially

outward from the axis of the cylinder are listed in Table 2.




e. Generalization
The pulsed fraction that we have calculated is that
relevant for a point source =mitting a pulse of radiation which
is a delta function in time. The intrinsic temporal
distribution, of course, is not a delta function. If one is
given the actual distribution I (e) of the source, then the pulse

shape of the observed radiation can be obtained by convolvina our

ragults with the distribution to(t).

This convolution must be anplied to the 2meraing ohotons
orobability distribution, ?_{t). The new distribution w#ill he

yiven by

) - ’ A IO - 4 . (31)
1 A p)

=., nf secticn IIhH will now nhave =0 reprasent the time
-

mmat =na nulse =urns o~n. Thact L3, I iz} = 2 for = < oz
. 2

iddicion, the sourze Wwill czurn o£F ar some snecific zime later
which we denote by =;. Hence [(ley=e)/T ) x 100%] is iust the

intrinsic Juty cycle. Zg. (31) can :=hen be written as
-

=) = 7 2 (g=c') I (') de' . (32)

I- fnollows then that ill »f the previous formalism will

he the same, provided that Pq(t) ig 2vervwhere renlaced

by ?é(t). In particular, the pulsed fraction of =2a. (S5) hecomes
F =1 - T : <: pP' (¢ + T + jT) . (33)
p Foa=0 i; n o :

Q



The effect of carrying out the integration in eq. (32) would be
to smear P,(t) into a wider temporal distribution Pé(t). If the
intrinsic duty cycle of the pulses are small, then there will not
he much smearing, and our delta function results are directly
applicable. If the smearina is significant, however, then it is
avident that this will cause :the second term in eqg. (33) to be
larger than it would be for the delta function case. This, in
rurn, means that the actual pulsed fraction is smaller than we
have calculated.

Jence, if one is only interested in 31 reasonable ipper
limit =0 the pulsed fraction, as we are, then the calculacions we
nave done ire appronriate. In the other hand, iI >ne wishes :o
axtend Hur work =0 >brain a nore oracise calculatisn £ the
sulsed fraction, then 2qg. (32) must he used.
inother foint worth iiscussina rz2lates =0 :2ases where
-m2 ‘intrinsic pulsad Zraction is less =han 100%. Ia =his :case,

“he aIngerved nulsed Sraction will 2e siven bv

2
Y

(0BS)_ o o (INT)
5 .

~Jhera ?7 is -the nulsed fraction we have zalculatad in aquation

is =he nulsed fraction intrinsic ko Lhe s3source.




IIX. Agglications‘and Results

In this section we now apply our calculations as
approximations to the configurations of matter near the X-ray
sources Her X-1 (cylindrical shell), Cyg X-3 (spherical shell),
and A0538-66 {(uniform spherical cloud). For each source, we have
supplemented published measurements of the pulsed fraction with
additional results obtained by us through an analysis of
observations of these sources by the Monitor Proportional Counter
(MPC) (Gaillardetz =2t al., 1978; Grindlavy =2t al., 1980; Weisskopf

a2t al., 1981l) aboard the Zinstein observatorv.

a. Her X-1

Her X~1 displavs wvariations with neriods of l.24s, 1.74,
and 35 3. The first neriod is due 20 he rotation >f the aeutron
star and zhe second ilua2 29 Minarv =oticn. Tha 35 day variation
{5 atzrihuced to the precession reriad 28 an accratcion disk
irsund =he ~eutron s-ar (see 3ovnton, DJeeter, and Crosa, 1980),
The precession is suggested to bring the outar regions (rim) oF
“he disk hetween the neutron star and the observeriéthe
consequent att2nuation causes the observed change in intensity.
Jowever, ijoubts have heen cast 1s o rthe reality »f this
nechanism {Xondo 2t al., 1983; Naranan 2t al., 1985).

Her X-1 also displays dips in its X-ray intensity
lasting about 4 hours, with the intensity heing rerduced hy 3
factor of about 3 {Ciacconi =2t al., 1973). The dips occur in
avery orhital cycle, starting just hefare the 2clinse and

marching away from the time of eclipse with the proqression of



orbital cycles. These dips have heen suggested to be due to the
surge of matter injected by the primary into the outer regions of
the accretion disk in a periodic fashion (Crosa and 3oynton,
1980). Hence, the increased amount of matter at the rim coming
in between the X-ray source and the observer is the cause of tﬁe
dip. Recently, it was found that the X-rav intensity in these
dips is not constant, hut displays flare like activity (Ogelman,
et al., 1984:; Dil Vrtilek at al., 1984). The origin of this
actcivity is maybe wave-like disturbances, induced hHy the surge of
matter injected at the edge »>f the accration disk. The trouahs
in chis wave will lead :0 reduced amount >f =attar in the line of
signt of =he observer, and consequently, less attenuation and
2nhanced kwray amission.

I% rthe 35 dav variapilizv 2and -he larde increases in
incensicy in the 2ips are due =0 diffaring amounts >f matter
coming bDetween zthe X-rav source and the »bserver, then :this
should lead to correspondina changes in =he nulsed fraction. The
variation of the pulsed fraction during 35 day cycles of Her X-1
nas heen aiven Sy Joss 2t al. (1978). These are Dkgtted as a
function »f intensity in Figure 4. The hiah intensity results
indicate an "intrinsic" nulsed fraction of about 9.35. If the
raduction in intensity helow 60 units {(see Figure 1) is
acttributed to absorption hy cold matter, and ve 1ssociate the
Nigh intensity results with - ~ 0, then making some aissumptions
about the neometry and density »f the scattering medium, we can

nredict the reduction in pulsed fraction.




We assume that the outer reagions of the disc, can be
approximated by a cylindrical shell of uniform density at a
distance of lOll cm and a thickness of the same value (see
Yayakawa, 1981). The expected nulsed fraction for t of 1 and 1.5
and two different values of the height of the cylinder were given
in Table 1. Associating the high intensity state with ¢ = 0
implies 3 r of 1 to reduce the intensity from A0 to 23. The
corresponding reduction in pulsed fraction, for h/R, = 1, implies
a change in the nulsed fraction from 0.35 to 0.32, which is to be
compared with the obsarved value of 0.2 £ 0.08. The agreement is
satisfactory considerina all :zhe uncertainties and assumptions.

e have 1150 analvzed an observation 2f Her X~1 on
JD2443949 with the MBC., These iatz w~ver? =aken durinag nreeclinse
3ips. The measured nulsed fractions arz ilso shown in Tigure 4

and lanellad as 3 ‘Flaring) and L ! zuiesc2nt). Aqgain, we 3ee

1003 agre=ement nacween theorv and Jbservation.

dence, the correlacion £ =zhe nulsed fZractiasn with
inteansity is consistent with that 2xpected due o Thomson
scattaring bv cold matter and supports models which’succest that
the changes in X~ray int2nsity >t Her X-1, for both the 35 day
cvele and the Jdins, occur due "o intsrvention »f nattar hetween

the X-ray source and :the >shserver.

5. Cyq X-3
The X-ray source Cya X-3 has an X-ray luminosity o€
about 1038 2ras s'l. The source has Yeen observed in the namma

ray, X-ray, infrared, and radio bands %Hut not in the visible.




The infrared (Mason et al., 1976) and X~ray emission
(Parisignault et al., 1972; Elsner et al., 1980 and references
therein) show a 4.8 hr variation which is attributed to the
orbital motion of a neutron star around a companion. It was
suggested (Milgrom, 1976; Milgrom and Pines, 1978; and 3ignami,
‘laraschi, and Treves, 1977) that the neutron star is a fast
rotator with a period of the order of a few tens of milliseconds,
somewhat similar to the pulsar in the Crab Mebula. The 4.8 hr
periodicity is then axplained v nostulating a spherical shell of
3as around the neutron star svstem {(Milgrom, 1974; and "ilarom
and 2ines, .278). The shell is sungested =2 he at a distance

Pl ~1012 zm with 3 thickness »f ~1.3 x LOll zm and a density

s o~ L Z—-3coms :m’3. o observacions of X-ray sulsation from
Cyqg X-3 nave heen reportad.

e

e nave 1usad MPC apservatiosns of Zyvg X-3 =0 search for
oulsatiosns. The observations wWere nade on JD2443989. e
nerfsormed a Tast Tourier Transform analysis on the data. The
nericd rance searched was 9.003 s to 3.33 s. No neriodicity was
found and =he {20%, 303) confidence upper limit (see Leahy =t
al., 1983) ro the pulsed fraction is 3.07. 1In the case of
~seriods less =han 0.91 s, "inarvs motion ould have smearaed the
sulses. T» -ake thig =2ffect into account, we assumed 3 4.3 *'r
hinary neriod, the epoch Jiven by Elsner ot al. (1980}, and we
sorrected the arrvival =2imes foar Dopnler shifts using 1.5, 3, 3,

-~

and light seconds as the projected radius of 3 circular
arbit. e then reperformed the Fast Fourier Transform

analysis. Again, we found no evidence for pulsations.

e



We suggest that the lack of observation of a pulsation

is due to the presence of the gas shell.

integrated gas density towards Cyg X-3 is ~10%% q-atoms cm” 2

(see Milgrom, 1976)

an optical thickness of  ~ 0.7.

the pulsed fraction is reduced 2y 2 factor of 2.3.

combined with the upper limit on

which corresponds,

The line of sight

E4
for Thomson scattering, to
It this case, (see Figure 2},

This,

the pulsed fraction given above,

indicates that the pulsar in Cyg X-=3 could »nly have heen
observed if the intrinsic pulsed Zraction was areater than
0.18. By comparison, the pulsar 9531+21 in the Crab Yebula whose
seriod is 33 nilliseconds, shows ?g ~ 3.13 Ffor X=ravy 2nernies
sreater =han 10 <ev, ilecreasing %o zabout J.J33 at abour 1 xev.
The '"1PC osbservations zover she handwizZtn from 1.1 2o 22 keV.
Thus 1f the pulsar in Zva %+=3 wers <2 he obdbserved in X-rzvs o2ne
ragquliras axtrzmely i~n sensi:=ivicizs 31s mayv ne abtaineﬁ in zIne
Iuature with X=rav Timing Zxolorer »r =zhe Japnanese satellite
ASTRO-C,

Recently, 7amma rays »f 1000 SeV have “een observed EZrom Cya

X=-3 showina a2 12.6 ms periodicity
~hese nbservations arz confirmed,
Jith wvery nigh sensitivity nay be

2. ADS538-466

The X-ray source AdS38-66 is

Magellanic Cloud,.
is active,

hours to davs.

Tt has active and inactive nerionds.

The flares recur every l6.6 days

{Chadwick 2t al., 198S8). If
a search for X-ray nulsations

Sraicful.

locatad in the Larqge

When 1t

5

the X-ray emission occurs in flares lasting several

{Skinner et al.,

. .



1980). The X~-ray emission displays a 59 milliseconds periodiciéy
(Skinner et al., 1982). The 16.6 day neriodicity is attributed
o orbital period of a neutron star in an eccentric orbit
orbiting a 3e star. The X-ray smission occurs when the neutron
star is near periastron (Charles et al., 1983; Apparao, 1985).
Charles et al. (1983) suqgest that a cloud of gas is formed near
neriastron due to the tidal pull of the neutron star and the
accretion of this gas onto the neutron star results in X-ray
emission. Apparao (1985) uses the fact that 3e stars are Xnown
to eject rings of gas in the =quatorial olane in 3 quasi-neriodic
Zashion and sudggests that =he X~ray 2mission osccurs ~hen the
neutron star fasses :thrcuch this ring. Ia 2ither case the X-

trad bDv zhe neutrdn star nassas through the residual

e

radiacion =2m
matt=2r in =he riag or cloud along the line of sichr »>f =zhe
spserver. The wvalue Hf - iepends oHn the jositicn o the neutron
star.

Skinner =2t al. (1382) rapor=ad =wo observations of
10538-46. 2ulsations were detectad in the first observation in
1930 December when the average Zlux was ~ 40 "1PC counts s“l. The
dulsed fraction was ?p = 0.2. The nower law spectril index was
-1.6. Pulsations wer2 1ot abservad ifurina the second sbservation
in 1981 Februarv, w~hich was shortar, when the average flux
was ~ 10 MPC counts s~ °. The power law spectral index was -9.5
indicatina 3 harder spectrum. The {30, 930%) confidence upper
limit {Leahv =2t al., 1983) for the pulsed fraction was ?n <
0.19. The Jdecrease in intensity for the second observation and

the hardening of the spectrum indicate absorption by matter and

»



that the optical depth was larger than in the first

observation. Proceeding as for Her X-1, we éssume that the first
observations correspond to ¢ ~ . On this assumption then, the
indicated increase in : is ~ 1.2 and, using the curve in Fig. 2,
the predicted reduction in 9p is Yy a factor of 3, not
inconsistent with our observation. ~Ffuture observations of the
change of the pulsed fraction during flaring of A0538-66 could

orovide further information as to the structure of matter near

the periastron of the neutron star.



IV. Summary

We have calculated the variation expected in the observed
pulsed fractions of x-radiation from X-ray pulsars when matter of
three different geometries-—cylindrical shell, spherical shell,
and uniform shell--is introduced between the source and the
sbserver. The results have been applied to Her X~1, Cyag X-3, and
A0%38~-56. 1In the case of Her X-1, the variation of the pulsed
Zraction during the 35 day cycle indicates that this Juasi-~
seriodic variation is due to intervention of matter bhetween Her
X~1 and the observer. This is consistz2nt with the nuter reaions
5 =he accracisn iisk actina is the screen. ‘e have measured the
sulsed “racrtion luriag =he Zlares in =he intensitvs 1ips of Her X~

. and again find =zhat the Iincrease in intensitvy lurincg

th

lares is
sansiscent with lessening of the csoclumn density »f mattar along
-ha line »f sight. The suaggestion :ha§ 3 surce fram the neriodic
‘ntec=zion 2f matter at =he out2r Tin of the disc is =he cause »f
~he 4ips is 1ls0 consistent with zhe observed variation.

We have ittempred to detect nulsations in the X-ray =2mission

from Cyg X-3 using the data from the EZiastein Observwatory. e ‘o

Sde

a0t derect pulsations Ffor periods hetween 0.303 %o J.33 sec and
slice an zoper limit 3f 73 to the ~ulsed Sraction. “sina our
salculations we conclude (£ a pulsar of the Crab Nebula type
axists in Zva ¥X-3, the nulsations will bHe reduced to a very low
ampli-ude %v a spherical shell of zas of the type postulated to

account for the 4.3 hr X-ray variation and the infrared

radiation.



These results were shown to be consistent with current
models wherein the X-rays are produced when the neutron star
nasses through a rina or cloud of gas at closest approach to the
3e companion.

e feel that preliminary calculations and their successful,
semi~quantitative application to Xnown systems have demonstrated
the usefulness of the study of variation in the pulsed fraction
as a new diagnostic tool for understandinag the physical
condicions ia and around the nulsing X-ray binaries. This tool
should be utilized %o complement and 2xtend the information which
zan 2e jZleaned from puraly spectroscopic studies. Tuture work in
-nis are 2alls Zor more realistic zalculations ~hich coansider not
>nlv <he detrails »f accra2eion iiscs, 2wec., Sut also take into
account the detailad nature 7f =he X-ray nroduction mechanism and
the conditions near the surface of zhe neucron star. Counled
wizh snectrosconic and nolarizatisn measurements, neasursments ofF
the nulsed fraction can lead -0 a Zeeper understanding of the

complex intensity variations ohserwved.

e

.



Table 1. Monte Carlo calculations of the pulsed fraction from a

source within a cylindrical shell. Ry igs the inner

radius, R, is the outer radius (both measured in units

of 1011 cm), h is the height, and 7, is the total

optical thickness in the radial direction. The nure

period is 1.24 sec.

1.0 2.0 n.s L) 7.78%0.053
1.0 2.9 0.3 .3 7.68%£0.042
L) 2.0 1.0 1.3 0.382£0.027
. 2.3 1.9 1.3 J.4420.019
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Pigure Captions

The geometry showing the paths of an unscattered photon
and a photon which travels a distance s hefore
scattering once "y an anale 3. Roth photons are

observed by a Jdistant observer.

~he nulsed fraction as 3 function of the ontical
rhickness assuming 2 iniform spherical cloud of ionized

slasma of radius 1012 2m. The rwo curves correspond :o

-he sulse pericds 1.0 sec and N.J1 sec as indicated.

The nulsed Sraction 3s 2 Zunction Hf the aotical
-niskness i1ssumiaad 2 inifsormm sonerical snell »f ianized
Nlasma with inner radius 7.3 x 10*= cm and outer radius
A MO . ‘ » '

LR mmy TwWe  TWO surves corvasoond ko zhe Huls

~arisds ..) 3ac and D.)63 szec as indicated.

The nbserved -sulsed Sraction as a function »f inransinzy

Eor the source Her X-1. .
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